Introduction {#Sec1}
============

Pneumonias observed in sheep are of polymicrobial origin, produced by viruses, parasites, chlamydiae and mycoplasmas (Aytuğ [@CR5]; Martin [@CR24], [@CR25]). Foremost among the agents causing pneumonia among sheep and lambs are *Mycoplasma ovipneumoniae*, *Mannheimia haemolytica*, and *Pasteurella multocida* (Damassa et al. [@CR13]). *M. ovipneumoniae* causes atypical pneumonia in sheep; it is hypothesized that infection started by this agent sensitizes the animals to infection by *M. haemolytica* and the Parainfluenza-3 (PI3) virus (Nicholas et al. [@CR30]). These agents jointly cause infection in most cases. Even though *Mycoplasma arginini* is an important pathogen by itself in sheep and goats, coinfection by *M. haemolytica* intensifies the pathologic injury of pneumonia (Lin et al. [@CR22]; Nicholas et al. [@CR30]). Mycoplasma species like *Mycoplasma mycoides* subsp. *capri*, *Mycoplasma capricolum* subsp. *capricolum* and *M. capricolum* subsp. *capripneumoniae*, *Mycoplasma bovis*, and *Mycoplasma agalactiae* have reportedly been isolated from the respiratory mucosa and lungs of sheep and lambs (Ayling et al. [@CR3]; Erken [@CR16]; Loria et al. [@CR23]; Nicholas [@CR29]).

High morbidity, low mortality, and growth delay generally characterize epidemics of lamb pneumonia. Death can occur due to complications of the infectious condition, like pleuritis, pulmonary abscess, lung consolidation, and acute fibrinous pneumonia. Sheep initially suffer from cough, body temperature increase, loss of appetite, slow growth, and reduced milk production in the ewes. Main clinical signs in sheep and lambs are irregular but persistent, chronic cough, mucopurulent nasal discharge, and severe inflammatory response (Ayling and Nicholas [@CR4]).

Studies in various countries have reported that the most frequently isolated species in sheep and lamb with pneumonia is *M. ovipneumoniae*, with occasional coinfection by *M. haemolytica*, PI3 virus, and *M. arginini* (Lin et al. [@CR22]; McAuliffe et al. [@CR26]; Nicholas et al. [@CR30]; Parham et al. [@CR31]; Sheehan et al. [@CR33]). *M. ovipneumoniae* infection is an endemic problem often diagnosed across the world, especially in the USA, Australia, New Zealand, and the UK (Martin [@CR25]). It has been reported that *M. ovipneumoniae* and *M. arginini* were isolated from the lungs of healthy sheep and lambs (Alley et al. [@CR2]). Studies performed in Turkey have isolated *M. ovipneumoniae*, *M. arginini*, and *M. agalactiae* in sheep and lamb pneumonia (Erken [@CR16]; Güler [@CR18]).

The microscopic lesions of the sheep lungs infected by *M. ovipneumoniae* consist of chronic catarrhal bronchitis and bronchiolitis, alveolitis, and atelectasis following bronchial obstruction (Black et al. [@CR11]; Hazıroğlu et al. [@CR20]; Sheehan et al. [@CR33]). Definitive diagnosis requires the isolation and identification of the infectious agent, given the lack of specificity of the clinical and morphological findings. Considering the role of *M. ovipneumoniae* in the rapid spread of atypical pneumonia in sheep, there is a need for specific but also sensitive and rapid diagnosis of the infected animals. Mycoplasmas are identified by biochemical and serological testing (Erdağ and Türkaslan [@CR15]; Stalheim [@CR34]; Giangaspero et al. [@CR17]). Even though cultures are used for diagnosis in most cases, they are cumbersome and need a long time (Lin et al. [@CR22]; Weiser et al. [@CR39]). The most recent and rapid molecular methods to identify mycoplasmas are 16S rDNA PCR and denaturing gradient gel electrophoresis (McAuliffe et al. [@CR27]). At the same time, it has been established that mycoplasma antigens can be identified by immunohistochemistry (IH) in lung tissue samples (Hazıroğlu et al. [@CR20]; Sheehan et al. [@CR33])

Methods like amplified fragment length polymorphism, restriction fragment length polymorphism, random amplified polymorphic DNA (RAPD), and pulsed field gel electrophoresis (PFGE) are used for the molecular typing of *M. ovipneumoniae* (Harvey et al. [@CR19]; Nicholas et al. [@CR30]; Parham et al. [@CR31]).

The objective of the present study was to identify the mycoplasmas in the lungs of sheep and lambs with pneumonia using cultures, PCR, and immunoperoxidase methods and to perform their molecular typing.

Materials and methods {#Sec2}
=====================

Sampling {#Sec3}
--------

The study material consisted of 180 samples obtained from slaughterhouses in the Elazig Province, in Eastern Turkey, and 36 more that had been brought from different other provinces for diagnosis to the Elazig Veterinary Control and Research Institute. Of these 216 samples, 200 were from sheep and 16 from lambs. The samples were collected in the years 2008--2010, in two runs, most of the samples being from the end of summer or the end of winter.

Infectious agent isolation {#Sec4}
--------------------------

Pieces of tissue from the border area between disease lesions and healthy lung were suspended by pounding in a mortar with sand and liquid growth medium. The suspension was inoculated into mycoplasma broth growth media with added Mycoplasma Supplement G (Oxoid, SR0059C). Dilutions of up to 10^−5^ or the liquid medium was prepared. The inoculated medium was incubated 7--10 days at 37 °C in an incubator with 5 % CO~2~. The growth medium was checked daily for growth. A loopful of the broth cultures showing mycoplasma growth or color change were inoculated onto Mycoplasma Agar Base media in a 95 % N~2~ and 5 % CO~2~ humidified atmosphere at 37 °C and the petri dishes examined in stereomicroscopy at the end of incubation. Colonies suspect for mycoplasma were identified by routine methods (Güler [@CR18]; Yoder [@CR40]).

Primers {#Sec5}
-------

The primers used were *Mycoplasma* genus-specific GPO3 (5′ GGGAGCAAACACGATAGATACCCT 3′) and MGSO (5′ TGCACCATCTGTCACTCTG-TTAACCTC 3′) derived from the 16SrRNA gene (Botes et al. [@CR12]), LMF1 (5′ TGAACGGAATATGTTAGCTT 3′) and LMR1 (5′ GACTTCATCCTGCACTCTGT 3′) species-specific for *M. ovipneumoniae* (McAuliffe et al. [@CR26]), and *M. arginini* species-specific MAGF (5′ GCATGGAATCGCATGATTCCT 3′) and GP4R (5′GGTGTTCTTCCTTATATCTACGC 3′) (Timenetsky et al. [@CR36]).

DNA isolation and PCR {#Sec6}
---------------------

The QIA amp DNA extraction kit (Qiagen) was used for extraction from the lung samples. DNA isolation from mycoplasma broth cultures and organ suspensions was performed according to the users' instructions for the kit.

A PCR mixture was prepared, containing 5 μL 10× PCR buffer (Tris--HCl 100 mM, pH 9.0, KCl 500 mM, MgCl~2~ 15 mM, 1 % Triton X-100), 250 μM of each of the three deoxynucleotide triphosphates (dNTP), 2 U Taq DNA polymerase (Fermentas, Lithuania), 40 pmol of each of the primers, and 5 μL target DNA in 50 μL. PCR was performed in a Touchdown Thermocycler (Hybaid, UK). DNA amplification for *M. ovipneumoniae* used, following 5 min preheating at 94 °C, 30 s denaturation at 94 °C, and 30 s hybridization at 55 °C and 72 °C for 30 s, for 30 cycles. The last cycle consisted of 7 min at 72 °C. For *M. arginini*, the procedure involved 30 s denaturation at 94 °C, 30 s hybridization at 55 °C and 72 °C for 60 s, for 40 cycles; the last cycle was 5 min at 72 °C. DNA amplified by PCR was subjected to agarose gel electrophoresis, performed in a Midi gel electrophoresis tank at 75 V for 1 h, using Tris--boric acid--EDTA as a buffer solution. Following electrophoresis, the gel was stained with ethidium bromide (0.5 μg/mL) for 30 min and the results evaluated on an ultraviolet transilluminator. The band lengths were compared to those of a standard 100 bp DNA ladder (Fermentas). Standard *M. ovipneumoniae* NCTC 10151 and *M. arginini* G230 strains were obtained from the Pendik Research Institute Mycoplasma Reference Laboratory.

RAPD test {#Sec7}
---------

The 50-mL reaction mix consisted of 5 μL 10× PCR buffer, 1.5 mM MgCl~2~, 100 μL of each dNTP, 2.5 U Taq DNA polymerase (Fermentas), 1 μM primer, and 5 μL extracted DNA. The sequence of the primers used in RAPD PCR was of the Hum-1 type (5′-3′: TCA CGA TCG A). The thermal conditions were, following an initial denaturation at 94 °C for 5 min, denaturation at 94 °C for 15 s, 60 s annealing at 37 °C, and 90 s synthesis at 72 °C, in a total of 40 cycles. The last cycle consisted of at 72 °C. The PCR-amplified DNA was subjected to agarose gel electrophoresis in an electrophoresis tank at 75 V for 1 h. Following electrophoresis, the gel was stained with ethidium bromide (0.5 μg/mL) for 30 min and the results evaluated on an ultraviolet transilluminator (Parham et al. [@CR31]).

Histologic examination {#Sec8}
----------------------

Lung samples were fixed in 10 % buffered formalin and prepared in the routine way; paraffin blocks were sliced to 4 μm thickness in a microtome and studied in light microscopy following hematoxylin--eosin staining.

Immunohistochemistry study {#Sec9}
--------------------------

Paraffin-embedded sections prepared from lung samples were immunochemically stained by an avidin--biotin peroxidase complex (ABC) method. A commercially available kit (Invitrogen) was used for the immunoperoxidase test. Following deparaffinization and rehydration, 4 μM lung sections were kept 10 min in a 3 % hydrogen peroxide solution to block endogen peroxidase activity. The tissues were then kept 5 min in each of two separate phosphate-buffered saline (PBS) solutions. The tissues were treated for 15 min in the microwave oven with a ready-to-use antigen retrieval solution, then cooled at room temperature and kept 10 min in the block solution, and incubated one night at 4 °C in anti-*M. ovipneumoniae* hyperimmune serum (1/800) (Veterinary Laboratories Agency, UK). The control lung tissues were incubated in distilled water only before washing with PBS. After 10 min treatment with the secondary antibody and washing with PBS, they were incubated 10 min in streptavidin, washed again with PBS, and kept 5 min in 3-amino-9-ethylcarbazole chromogen. After washing with distilled water, the tissues were counterstained with Mayer's hematoxylin solution and sealed in mounting medium. The anti-*M. ovipneumoniae* hyperimmune serum was obtained from Dr. Roger Ayling (Veterinary Laboratories Agency, UK)

Results {#Sec10}
=======

Culture and PCR results {#Sec11}
-----------------------

These results are summarized in Table [1](#Tab1){ref-type="table"}. Mycoplasma was isolated in 80 (37.03 %) of the 216 samples. *M. ovipneumoniae* was identified in 52 (65 %) of the positive samples and *M. arginini* in 28 (35 %) of these. PCR with genus-specific primers gave a positive result from the cultures in 96 cases (44.44 %), while PCR performed directly on tissue was positive for the genus in 36 or 16.66 % (see Table [1](#Tab1){ref-type="table"}). Of the 96 cases found positive with genus-specific primers, 57, or 59.37 %, were positive with species-specific primers for *M. ovipneumoniae* and 31, or 32.29 %, with *M. arginini*. The bands obtained were 270 bp with the *Mycoplasma* genus-specific primer (Fig. [1](#Fig1){ref-type="fig"}), 361 bp with the specific primer for *M. ovipneumoniae*, and approximately 545 bp with the species-specific *M. arginini* primer (Fig. [2](#Fig2){ref-type="fig"}). In eight more cases (8.33 %), neither *M. ovipneumoniae* nor *M. arginini* DNA could be found in a sample otherwise positive with genus-specific primers. *M. ovipneumoniae* were found as positive 61 of 216 samples with immunohistochemistry method. Also, nine lung samples which had yielded no growth on culture were found positive by the immunoperoxidase test. All the samples that were positive for *M. ovipneumoniae* by PCR examination were also positive by IH. At the RAPD analysis of *M. ovipneumoniae*, 15 different profiles were observed (Fig. [3](#Fig3){ref-type="fig"}). The most frequent was profile 1 (eight isolates) and the least frequent profile 7 (two isolates). The prevalence of *Mycoplasma* species in winter was found higher than the prevalence of summer.Table 1Culture and PCR findings relative to mycoplasmas in lungs with pneumoniaLung typeCulturePCRPositive (%)Broth cultureDirect from tissuePositive (%)Positive (%)Sheep (*n* = 200)75 (37.5)90 (45)34 (17)Lamb (*n* = 16)5 (31.2)6 (37.5)2 (12.5)Total80 (37)96 (44.4)36 (16.6)Fig. 1Appearance on agarose gel stained with ethidium bromide of *M. ovipneumoniae* PCR products. *M* 100 bp DNA ladder; *P* positive control, *N* negative control; *1--8* positive samplesFig. 2Appearance on agarose gel stained with ethidium bromide of *M. arginini* PCR products. *M* 100 bp DNA ladder; *1--3* positive samples; *N* negative control, *P* positive controlFig. 3RAPD analysis result of *M. ovipneumoniae* PCR products using a Hum-1 primer. *M* 100 bp DNA ladder; *1--15* profiles

Morphologic findings {#Sec12}
--------------------

Macroscopic examination showed lesions of chronic bronchopneumonia, consisting of the thickening of the bronchial walls and the presence of consolidation areas on the sectional surfaces of the lungs. These lesions were more pronounced in the cranial lobes, characterized by discoloration reaching from red to brown in these areas. Microscopic examination showed hyperplasia of the peribronchial and peribronchiolar lymphoid tissues, metaplastic and hyperplastic transformation in the bronchial and bronchiolar epithelium, and alveolar septal thickening related to mononuclear cell infiltration (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4**a**--**d** Bronchial epithelial hyperplasia (*arrow heads*), peribronchial lymphoid proliferation (*arrows*), and alveolar septal thickening; H&E

Immunohistochemistry findings {#Sec13}
-----------------------------

The *M. ovipneumoniae* antigen was specifically shown to be present on the surface or in the cytoplasm of epithelial cells (Fig. [5](#Fig5){ref-type="fig"}). The distribution of the staining was in general narrowly related to that of the areas with visible lesions. It was noted that strong positive reactions occurred in lungs of which the agent was isolated, while the immunohistochemical reaction appeared weak in those lungs samples where the agent could not be isolated.Fig. 5**a**--**d** Positivity for *M. ovipneumoniae* antigens on the surface (*arrow head*) and cytoplasm (*arrows*) of bronchial and bronchiolar epithelial cell. Immunoperoxidase staining, ABC

Discussion {#Sec14}
==========

*M. ovipneumoniae*, which is often isolated from sheep with pneumonia, is also found in the respiratory tract of healthy animals (Damassa et al. [@CR13]). It is reported that *M. arginini* is not a pathogen in its own right but can worsen pneumonias originally due to other microorganisms (Nicholas et al. [@CR30]). In a study of samples from 209 lungs, 126 of which were with pneumonia and 83 healthy; *M. ovipneumoniae* was isolated in 87 % of the sick and 6 % of the healthy ones in Southern Norway (Bakke [@CR7]). Out of the nasals swabs of 63 sheep with pneumonia, Alley et al. ([@CR1]) isolated *M. ovipneumoniae* in 79 % and *M. arginini* in 52 %. As for Pasic and Miroslova ([@CR32]), they report that mycoplasma was isolated from lung samples of 51 (66.2 %) in 71 sheep with pneumonia; of these, 35 (49.29) were identified as *M. ovipneumoniae* and 14 (19.71 %) as *M. arginini*. Sheehan et al. ([@CR33]) reporting on 30 lamb lungs with bronchopneumonia have *M. ovipneumoniae* isolated from 22, *M. arginini* in four and PI3 virus in nine. Finally, a study by St George and Carmichael ([@CR35]) in the USA in 32 nasal swabs from sheep with chronic pneumonia shows *M. ovipneumoniae* in 18, *M. arginini* in 24, alongside bacteria like *Pasteurella* spp., *Escherichia coli*, and *Klebsiella* spp.

In Turkey, a study by Güler ([@CR18]) conducted in the province of Konya isolated mycoplasmas in 50 (43.47 %) of 115 sheep and goat lungs with pneumonia and 36 of 100 lung samples with pneumonia collected from slaughterhouses; the author reports a higher probability of finding *M. arginini* than other kinds of microorganisms. Other bacteria, *M. arginini* foremost, had also been found in this study. Ülgen et al. ([@CR38]) report that they isolated *Mycoplasma* spp. in 7 of 71 sheep lungs with pneumonia collected from the Bursa Provincial Meat and Fish Office slaughterhouse. Baysal and Güler ([@CR8]) isolated various microorganisms in 147 out of 186 lamb and calf lungs, 18.46 % of these being *Mycoplasma* spp. A study by Erken ([@CR16]) in the province of Samsun in 200 sheep and lamb lungs with pneumonia yields *M. ovipneumoniae* in 11 (5.5 %), the same number of *M. arginini*, and five cases of *M. agalactiae*, for a total of 27 (13.5 %) cases of mycoplasma isolation.

The ratio of mycoplasma isolation in our study (37 %) is close to that of 36 % reported by Güler ([@CR18]). The finding that a majority of cases here were identified as *M. ovipneumoniae* shows some similarity to studies performed in other countries (Alley et al. [@CR1]; Pasic and Miroslava [@CR32]; Sheehan et al. [@CR33]; Azızı et al. [@CR6]; Besser et al. [@CR10]). These results indicate that the former is more frequent than the latter in our geographic area.

PCR, with its high sensitivity and specificity, presents some advantages over cultures and serologic testing. Timenetsky et al. ([@CR36]) studied the presence of mycoplasma in 301 cell cultures by both culture and PCR and found them to be positive in 69 (22.9 %) by culture and 93 (30.9 %) by PCR. They obtained positive cultures in five cases (5.4 %) that were negative by PCR with genus-specific primers. It has been stated that a combination of culture and PCR is the most recommended method (Uphoff and Drexler [@CR37]). The present study showed positivity in 96 (44.44 %) of 216 samples by PCR and 80 (37.03 %) by culture. The DNA of either *M. ovipneumoniae* or *M. arginini* could not be identified in eight (8.33 %) cases. The fact that these same eight cases reacted positively to the genus-specific primer shows that species other than these two could be involved. The negative result of cultures in a number of PCR-positive cases suggests either that isolation did not occur because of contamination by other bacteria or that antibiotics could have been used before slaughtering. The PCR test performed directly on organ sample suspensions was positive for genus-specific primers in only 36 (16.66 %) of 216 cases. The low rate of DNA identification in direct determination from the organ samples could conceivably be due to the presence of substances that inhibit PCR.

Many studies of mycoplasma isolation report histological identification of lung lesions and IH recognition of mycoplasma antigens in paraffin sections (Black et al. [@CR11]; Dassanayake et al. [@CR14]; Hazıroğlu et al. [@CR20]; Sheehan et al. [@CR33]). The present study identified typical bronchopneumonia lesions and found specific antigens by the immunoperoxidase technique. The fact that the number of lung samples positive by ABC was larger than that of lungs out of which the microorganism was isolated shows that agents that are no longer vital could be evidenced by immunoperoxidase.

The early isolation and identification of mycoplasmas in an infection is late and cumbersome when compared to that of bacteria. Special media are needed to grow mycoplasmas. Those causing pneumonia in the sheep and lambs have been grown in media like Hayflick's modified, Friis' modified, FM4 broth and agar, Eaton's, SP4, PPLO broth and agar, and Mycoplasma broth and agar (Besser et al. [@CR9]; Güler [@CR18]; Harvey et al. [@CR19]; Lin et al. [@CR22]; McAuliffe et al. [@CR26]; Sheehan et al. [@CR33]). In this study, *M. ovipneumoniae* and *M. arginini* were isolated by culture in *Mycoplasma* broth and agar supplemented with Mycoplasma Supplement G.

Isolates of *M. ovipneumoniae* have a high degree of genotypic and phenotypic heterogeneity. A study performed in the UK in 43 isolates of this species from sheep lungs and nasal swabs showed 40 RAPD and the same number of PFGE profiles and it was suggested that there was no relationship at the geographic origins of these isolates (Parham et al. [@CR31]). Investigation by restriction DNA analysis of *M. ovipneumoniae* isolates in New Zealand sheep with atypical pneumonia showed heterogeneity even within the same herd and it was reported that the presence of multiple strains in the same herd could lead to greater severity of the disease (Ionas et al. [@CR21]; Mew et al. [@CR28]). Harvey et al. ([@CR19]) examined 18 strains from 35 sheep by arbitrarily primed PCR and amplified fragment length polymorphism and determined heterogeneity within each herd. In the same study, 57 *M. ovipneumoniae* isolates showed 15 different profiles by RAPD typing. The present study shows great heterogeneity of *M. ovipneumoniae* in our geographic area, too.

We conclude that PCR, with its high speed and specificity, can successfully be used as an alternative to cultures that can also make up for negative aspects of bacteriological and serological testing, in diagnosing mycoplasma infections and identifying this agent at the species level. Tissue sections obtained from paraffin blocks with the immunoperoxidase technique showed the presence of mycoplasma antigens, thus confirming the bacteriological results.
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